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1. Field of the Invention . {pf con . «JJ ^ ^ ^ 

This invention-relates to _ e discharge current u r conventional approaches. ?*J^aMe the current 

of aplurality of ^^MJ^. is beiog recycled, (he wW"^^ mcans itse if. 

second power supply tenmn^ ma^uinvalue which U set J ^ - m the 

Z DUcusrion of me Related invention will This voltage limiting «*« "^.ped voltage at that 

Louobout the description to foU^t^ d tf ^entfitemtuie.The^^J'JJ* ntime interval, to 

beSsed. by way of ^^SSr automotive &nremrins ^^stoluneously with the 

St:^^ 

As u known, a number of elc ^'f factions in motor » The duration of * e the maximum voltage 

d^ces.^anged to b at SuS devices also discharge toe. 

^rs. include one or more «^*St that their respective va i ue reached on the mauc coasequea cc » « 

Anguish themselves by the ciraeni rfxelatively time is ° f P^, e ^ ^ controlled 

SStowithsmnd-So^^^ ^^^£21^0^^ 
^ size and can only ^ j^d may include » accurately. For «ampk.w^« control circuits 

Sg their operation. Dew* f*^^ 0n the other u ott Ae basis of Jus ^ co^nfegiy 
Xs of several different types . f '"^^ such as those 0 ^ ati vely connected »J» ™ fad injector Which is 
hti there are induc^ lo^ °f ^ ces . which can store ^ addition. ^'^AepSence or absence of 
Stained in fuel injection control oevi coa tioUed to open and dose hj m pre ^ ^ 

larger amounts of energy. ^ fcductiveload 50 a current flow through ' * e *r. loa4c ^cutoffwitmn 

Tthe systems ^flSSttw voiuge and contftl anient flo^^^^ ^be 
• usiyhasonetermina^ch jke^a ^trol , sh ort time ^^fSLof fuel injected. 

anomiterminalconnectedtoapret ^ l0 ad. made short «*»S«"* ^ suitably siringthe 

circuit driving the flow of c^nUto sn ^^ ^ p ^ ««g ^ ct ^ maximum 

Twoconfigumtionsaretoownu^^^^^ ^ t0 correspond, 

vol tage terminal of the load is conn &eload voltage value. be performed 

sS tine or to ground. In ^ fo^ ^ a ^ed ^ „ coave nient if ^/^« oTtside conditions, 
ffi from tts lowest vo^ "fheS the latter case, the sub sUntiatiy mdepende a^^^^ ^ proces$ 
low-side driver configuraUon. wnew^ ambient or 

£*|«ft» is that "JS^ element such as ^ in the instance of ^ cUss of 

The control circuit composes an«a ^stor \ accotd ance with ^^.^mlated, have been 

adn^gtransistor-whichmmostc^ {orcc d w wluch thuinvennonisraa {or 

. £?^**%*£^ ^ovided to r<*ycje *££ J^dy arranged to 

interrupt the flow oi '■<^ t ™° "gL^ generated within the „ ^ is t0 drive the inctocuve toad ano ^ 
dSucontrottedbyadnvesignaig ^ ^^lating circuit is 

circuit itself. , ^ me driving of rnarlcedlyreacnve ^ a tod^inal arranged to be con- 

Tt is well recognized that the ony ™« Ben eraUy causes connected between the loaQ '™r~. driving transistor, 
inductive ^»^j!U££««* Reeled to ^control^ tko* 
so^problemsdimngme wnsients. 50 and & control ^^fXrpresent on the load and 

!:rflL 0 f current through an m< J"™~ acro ss it which „ e value of *e jonage p yoU 

cutoff-Thus-anelectror^uvetor ^gthe on ^ ^^t. ^.^SnwUlbereferredto 

~ toep the current at the ^f^nce the load has one ^ atfltf oughoutthefoUowu«dcsaipUon 
^Jod! Le. during the charging P h ^tl^7 in potential wul « " K fereace for the voltage . 
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3 ^ .„ «h. cutout of the comparator COMP and an 

Shown *agramatically in mi b one «* - U * »*« M 

mfcexample.*eiuducdveloadLfcconn^ ^*so supplied to the node D. 

driver configuration, it having one «e^ t e0 ?*^*2£ LicaE therein, the reference voltage is compared with 

wppTy line Vs and the other terminal to the tam terminal B^vaS of the voltage to be regulated which is 

D of a MOS driving transUtor. here an N^hannd type 5 a divide A ^ value ^ upon 

mn-neeted to eround. Connected to the gate G. faming the the vouagcv comprises that • 

SStrmiS of TM. is a driver circuit sA^caUy ^ ^ito. Since variation 

SuStSTthe block C Connected in JfffflSl 'voltage depends on a voltage reference 

Mte fi and the node D. are a number, n. of Zen* flioaes in tne selected to be a stable one temperature- 

should not be overlooked, moreover, that if the JS2 Sed to devices of a different kind, e.g. those 

»r^^asS«Sl- =5 systems ^ muluple p " 

s^aliinpiovementon&efiistUsh^nttnG^ SSffiSSft a separate reference for eadi load. • 
-provides one or more additional transistors m th. recycle ^WJ^ {a ^ yoltage ^ te provided in any 

^HG a. corresponding elements are dencced by *e ^^^^WttSt 
sam^ereuces ask FIG. L The recyclkg , regubung 3J taeM » J»£- such cJrcuits . of me types 
cSuit further comprises at least one transiswcj 3 of the comb^o^t^ disadvantages. The overall 

Sr type counted between the gate G and the node D. previously f"^*. . actually tends to be fairly large. 
XSnKes nZ are here connected between me base °^^ f ^S a p IuraUty of driving transistors to 

excess currents and prevent the Zener iromocu^ m . circuit will be occupied, 
circuit of that kind is dudosed m European «t- «PP » integrati n area. . . 

SSasigSSSSs' jam****** 

further comprises a current minor M bavin,, ^ 
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5 . .± .^^^of^^xcfcrcncctothcacco,- 

*• load and M « «• controlling BRIEF DESCRIPTION OF THE DRAWIN 

circuit is connected, and a re e Kspective load. 

merecwde of me discharge oirrcu ^ e element and 5 to the drawings: recycling circuit 

s&ssssss^"-— -* jastwrssi- ..... 

a recycling circuit for Pj""^ at least one circuit » ^ nG . 1; w h b 

"^,.5 J&£^-* *■ HO. 3 niustrates a prior * SsTin the 

or onc /™* . tpcvcHbs of each load can oc cu foregoing; . _ m ftf a system which 

of inductive loads connected "J™^ loads . „ active invenUon, of a portion of the 

supply terminals composes. ,io each tftti g n<? 5 uafuacuooal u ^ load; d 

d^«n*»"«^^i^Sorrf*e^ ,n,e circuitmna ^mnlan- embodiment of a recy- 

^dWb^cBM»of»K^^* tad ^ lai d HG. 6 ai^^^^S^ me invention. 
acdveelementUconneae^«nesm*m cottttoi cling circuit accortog to an c^c^^ ^ 

beweenmewosupply^^^^^ijcoupled {or application in a low-side on 

to which a driver circuit u > cjmcj* &{ DETAILED DESCRIPTION 

through an impedance tothe W t0 te control » DETAIL a 

potential. The regulator means .u c paction HQ 4 U a block diagram of a device T™*^ the 

load - K^imeat of me invention, the recy- invention. The fi f^ e tted between first and 

According to an > 4n ^f^e reference Vref. . )nd«ctiveloadsLLU.^. ; ^^ tt ctive iy kept 

to accordance wim an emb^ento . bloddng at constant voltages Va and Vb. I no u 

regulator means for recydms j"S££fS generating a toads may be on the order of a few t ens ^ 
aaduiggenng ^ ™ trol terminal of the J5 ^ ltaB ,WVbW*^^ 

turn-on signal to be appUedto me element is 4 ^ B oth the tow-side ffiC 

active element The blockmg and tn^ for te £ to ^ *"PP£ ™ l ^;£ aot edbyVb.are 

coimectedtomevoltagerefaeace^wni connectio nto « nfi £ ataL with the supply Unebetn, a 

vmo ledrcuit.andiscouptedto«h^node^ ^ f^^assed by this invention 

ftC ^ ^cSS^ *» bl0ddn Lt ^ Coveted to me H ^^^^t of the 
X Ss significantly higher m value ^ <^ T ^S fef toad b-«-«- 

recycling activamr. ent of me invention, the SJ dement ^ to ^also mdtcated J ^ f volta&e 

Particularly m ^ "^^n signal composes a *J*^ ha6aaSta . which generates a reler 
circuit means ^f^^SinTand triggering element ^J*^ ^ circuit 1. iB veo*».tt* 
current ^^^Sorward bUsed when *e with an embodunent o ^JSS^ce 

active loads- 0 a KCycli n S circuit accord- « through the respective I ad ^ 
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Upon the driver circuit Cn «f»«**£jJS H5e > ad L * only - - , referen ce Vref may be included into me 
Ju^theinductivelo.ad^andtoc^tmu«m ^ ^ ."Jg^JJg^My be provided 

Sowed back as d«°^^"^Soi^ough l0 circuit, as ^ Ja c ouS voltage. For example, the 
Recurrent toberecydedfr^ 10 fey ^ generator of a of a voltage 

TB.SpecmcaUy.thereguUtorine^2a^aio^ for voltage V K rmay be rf e ^ 

of theW /f^EL ^« & T(he corresponding ^P^Softat me value of the voltage Vref may be 

■s«^ -Sss?x « a „ 01 nesative " depcn " 8 oa 

comparison with the value of V °^* on of ^ " dons, { mc active element Tl may 

, j . . one or more cap" 1 - 1 "- embodiment of the 

1 v • Ptr. S the regulator means 21 comprises, m Advan tageously . a ? M ^ s r , °XN loads makes for a 

^^^'SS^blodl^g and triggering invendon. me dremt for r^ctogAe N lo ^ 

accordance wi* Jus mv«^ ^ ^ bulk or occup ed fe^ause it is 

dement 31 w ^"f n SS connection between the 25 d^dgns ^^^^^ofreferences for the 

Vref ao* coupled to the noaeuiiw Acfecu ftineans unnecessary to provide a ."""^"J" b i 0 cking and 

active etonentTl and the md^^L^A^ ^ ^"f^^y explained However. ™™^Un 

41 connected to the ^ "HtJE fo STcoatrol S^-— *2^KJ5S1« oae 
generate a turn-on sl f f J" ^^Us operatively acted S ue. as explamed hereinafter in 
termiaalDRl.Thecontroltermm^^ ^ » ^^nt invention is advan- 

uponbymeblockmgandm^S^; 3 ^^^ The recycling c&cuit ^ d ^^£ B value for 
. tougnnotnecessamrthis6'rcuitmeans41ispo ffl Mj«j" TOU « { iefeK0C e 

^ the node Dl for connection. _ follows .Tne reading triggermg ^^^"Sedtobeuniqudy 

Spedficdiy. the blocking and •^W^^J'J, Ui connected in a low-ude *««SSvi 

when dTe P^«£ ^ jSSnS SetadL, ^f-^^ for automotive appU- 
higher in absolute value than m A typical nu^ ^enve 1 ^ description 

On the other hand, as long as the ^^^"L^ me cations is N=8. for ^circuit 1 relating to a 

teeps within acceptable values ^^^jUit " tofollow ^ rder to a poruon of ^ 
element 31 wul function « a blocking element ^£EXg£ loadLl comprises 

operation of the means 41. ^Wiment The active element Tl for anvwg i d ^ & 

The blocking and triggering jdemeu d tT1 ground. recycling control comprises a 

uncouple the control tnmndDM of the £*tve The regulator means 2Uor afial 

rromle potential reference VK ^L^^another..This- 60 diode DU-ba^ng ca*od^co^ej 0 f a 

• trol terminals DRnwUlbeuncoupledftom^aaorn reference Vref and ^^'X block 21 and comprising 

aUows a single voltage referenoe to ^J^^^^^eoirtB.te&t^ also indude hett which „ e 

driver drcoa l<»^f^« JSJ3^35ft apair rf»^~SSS* *» «** k 8 f*e 
independent triggering for m '^ a ^ when ever of the pnp W«*J to me control terminal 
™ H ^1 Xnpic — " SS^Xco^ f agateterminalof A e^- 



